Despite many advances in neonatology and resultant improvement in neonatal mortality, we have yet to solve the underlying problem of preterm labor (PTL), as we do not fully comprehend its multifactorial etiology. Current obstetrical practices, such as cerclage and tocolytics, have been ineffective in improving neonatal outcomes.
Despite many advances in neonatology and resultant improvement in neonatal mortality, we have yet to solve the underlying problem of preterm labor (PTL), as we do not fully comprehend its multifactorial etiology. Current obstetrical practices, such as cerclage and tocolytics, have been ineffective in improving neonatal outcomes.
1,2 Randomized control trials have shown that progesterone treatment reduces the risk of preterm delivery before 37 weeks in mothers with an increased risk of preterm delivery; however, those mothers need to be identified early and weekly treatment started between 16 and 24 weeks. 3 Numerous studies and large databases show the incremental decrease in neonatal morbidities with each subsequent gain in week of gestational age (GA). [4] [5] [6] [7] [8] [9] Delaying delivery, even 1 to 2 weeks, has a tremendous impact on these morbidities as well as costs. Previous studies [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] have examined the potential cost savings associated with increased GA, but these have primarily relied on administrative data, with hospital costs based on cost-charge ratios, or were single-center studies, or simply were performed over a decade or two ago. The aim of this study is to compare costs of infants born preterm to the costs of infants born at term, including the costs of neonatal care for the initial hospitalization and of care (both inpatient and outpatient) required in the 1st year of life, by week of gestation. This is intended to inform potential cost savings that may arise because of interventions that delay preterm delivery. To do this, we employed a modern Keywords ► preterm birth ► health care costs ► utilization ► neonatal intensive care
Abstract
Objective This study was aimed to compare health care costs and utilization at birth through 1 year, between preterm and term infants, by week of gestation.
Methods A cross-sectional study of infants born at ! 23 weeks of gestational age (GA) at Kaiser Permanente Northern California facilities between 2000 and 2011, using outcomes data from an internal neonatal registry and cost estimates from an internal cost management database. Adjusted models yielded estimates for cost differences for each GA group.
Results Infants born at 25 to 37 weeks incur significantly higher birth hospitalization costs and experience significantly more health care utilization during the initial year of life, increasing progressively for each decreasing week of gestation, when compared with term infants. Among all very preterm infants ( 32 weeks), each 1-week decrease in GA is associated with incrementally higher rates of mortality and major morbidities.
Conclusion We provide estimates of potential cost savings that could be attributable to interventions that delay or prevent preterm delivery. Cost differences were most extreme at the lower range of gestation ( 30 weeks); however, infants born moderately preterm (31-36 weeks) also contribute substantially to the burden, as they represent a higher proportion of total births.
dataset, using a quasi-population based sample, and cost data from an integrated medical system.
Methods Study Design and Population
This is a cross-sectional study of infants born at ! 23 weeks of GA at a Kaiser Permanente, Northern California (KPNC) facility between January 2000 and December 2011, in any of 14 KPNC facilities. KPNC is an integrated health care delivery system that currently provides coverage to > 30% of the insured population in Northern California, with approximately 4 million members. In KPNC, all inpatient and outpatient care is tracked through a common medical record number. Our objective was to compare routine costs of care among infants of different GAs through 1 year of life. From the base population of infants born in any KPNC facility within the study time frame (360,665), we excluded infants who were born at or transferred during the birth hospitalization to any non-KPNC facilities which do not use KPNC clinical data systems (12,141), did not have records in the cost database (98), or had negative values in the cost database (276). The resulting study cohort used for comparisons of cost and rates of morbidities during the birth hospitalization includes 348,150 infants of whom 303,233 (87.1%) were born at term (! 38 weeks). Of the 12,515 excluded infants, 10,673 (85.3%) were born at term. Infants who died during the birth hospitalization were retained in the analytic cohort for comparisons of birth hospitalization costs and outcomes. For analyses of costs and utilization during the initial year of life, we excluded infants with incomplete membership for the year 1 follow-up period, defined as no record of health plan enrollment after age 6 months (83,298) or no cost data for the year 1 follow-up period (103), resulting in a cohort of 264,749 for the comparisons of costs and utilization in the initial year of life. ►Fig. 1 shows the cohort compilation process for the birth hospitalization and 1st year follow-up cohorts.
Infant Characteristics
GA was determined from the maternal record and defined according to the obstetrically assigned estimated date of delivery (EDD). For women with regular menstrual cycles, EDD is based on last menstrual period if in 7-day agreement with a first trimester ultrasound. For women with irregular menstrual cycles, EDD is determined from first trimester ultrasound results. Small for GA (SGA) and large for GA (LGA) statuses were determined by plotting the infant's weight and GA on the Fenton's curves, 28 using < 5th percentile as the cut-off for SGA, and > 95th percentile for LGA. 
Neonatal Morbidities

31
Estimates of Costs
Data on the use and cost of medical care was obtained from linked automated clinical and administrative databases at Kaiser Permanente. The Kaiser Permanente cost management information system (CMIS) provides the costs of hospital services and outpatient clinic services that were 
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provided by Kaiser Permanente, including pharmacy, laboratory, imaging, and home health services. CMIS integrates utilization data with the Kaiser Permanente general ledger. All costs in the ledger (apart from costs for insurance-related functions, such as marketing and membership accounting) are fully allocated to health care services. CMIS uses standard cost-accounting methods to allocate all building and administrative overhead. Estimates of inpatient costs are determined from nursing acuity scoring (GRASP), clinical service, and day of hospitalization. Surgical costs are estimated from the surgical service and time in the operating room. Inpatient pharmacy data are only available from 2010. Specific inpatient charges are not available. For services that were provided by non-Kaiser Permanente providers, but paid for by Kaiser Permanente, we used the charges of the non-Kaiser Permanente providers as the costs to Kaiser Permanente of these "outside" services.
The impact of using charge data for non-Kaiser Permanente services was small; of all inpatient costs in the study data, only 0.86% of the dollars were from external charge data, and for outpatient costs the corresponding percentage was 0.89%. Costs were normalized to $2,013.
Preterm Labor
We identified maternal admissions for PTL by selecting inpatient encounters that had an International Disease Classification (ICD-9) code for PTL (644. 
Statistical Analysis
We used linear regression to evaluate the incremental cost of care for each week of gestation compared with infants born at 40 weeks of gestation. We developed adjusted models, retaining variables that were significant at p < 0.05 in bivariate analyses. We evaluated infant race/ethnicity, birth year, birth facility, mode of delivery, and SGA status. We developed models for cost of the birth hospitalization and cost of additional health care in the 1st year of life, including additional inpatient care and outpatient costs. Our models yielded estimates for cost differences with 95% confidence intervals for each GA group. The resulting values represent the percentage change from the reference group cost to the comparison group cost, as follows:
(cost of comparison group-cost of reference group)/cost of reference group
Outpatient costs included emergency department visits, outpatient clinic visits, outpatient therapies, and medication costs. To explore the contribution of the major neonatal morbidities to cost, we developed separate cost models that included these morbidities and adjusted for GA.
Results
We analyzed the costs of the birth hospitalization for 348,150 live born infants, of whom 264,749 (76.0%) contributed cost and utilization data for both inpatient and outpatient care, for the initial year of life. The characteristics of the study cohort are displayed in ►Table 1.
►Table 2 compares the cost and utilization associated with each individual week of GA, compared with the reference group of term infants with GA 38 to 40 weeks. Each week of prematurity from 37 to 25 weeks is associated with a statistically significant increase in birth hospitalization costs. Within this range, cost differences are seen to increase progressively with each decreasing week. The most extreme cost difference is observed in the 25 weeks category (a 5,609% cost increase compared with the reference group), whereas those born closer to term have lesser but still significant cost differences, for example, infants born at 34, 35, and 36 weeks have costs increases of 470, 178, and 76%, respectively. Postterm infants (41 or more weeks GA) also have significantly higher birth hospitalization costs than the reference group, albeit of lesser magnitude (a 4% increase). In utilization comparisons, similar relationships are seen among infants 37 to 25 weeks, the average lengths of stay (LOS) for each category increasing steadily with each decreasing week of GA. In this analysis, infants born at 25 weeks have the most extreme difference (median LOS 91 days, compared with the reference group's median LOS 2 days). Moderately preterm infants born at 34, 35, and 36 weeks have median LOS 8, 4, and 3 days, respectively. For infants born at 23 or 24 weeks, the comparative costs and utilization for preterm infants are also substantially, and significantly, higher than those of the reference group, but the inverse relationship seen from 37 down to 25 weeks is not sustained in these two GA groups, as higher mortality within the birth hospitalization results in fewer inpatient days for these infants, compared with premature infants born at higher GAs.
In examining drivers of cost, we assessed the rates by gestational week for the major morbidities of prematurity, as well as for mortality, and for a composite indicator of survival to discharge home with none of the major morbidities, among the subset of the cohort born at 23 to 32 weeks (►Table 3). These data demonstrate an appreciable reduction in mortality and morbidity with each 1-week increase in GA. Accordingly, the rate of intact survival increases steadily with each week GA. Mortality rates are highest among 23-and 24-week infants (90.5 and 54.3%, respectively); this explains their lower adjusted cost difference and shorter average LOS, compared with 25-week GA infants (►Table 2).
We examined additional health care costs and utilization in the 1st year of life. For cost comparisons we evaluated the cost differences of any additional hospitalizations occurring after initial discharge home, and for utilization comparisons we evaluated readmission rates, number of hospital days for readmissions, and the numbers of outpatient visits and emergency department visits (►Table 4). Unlike birth hospitalizations, cost differences for readmission hospitalizations did not follow a steady pattern by GA, although infants 24 to 28 weeks had the highest cost differences. In utilization comparisons, however, there are clear patterns of increasing readmission rates, more outpatient visits and more emergency department visits for each gestational week, as GA decreases. Interestingly, year 1 hospitalization cost estimates for infants born at 34 to 37 weeks were significantly lower than the same for term infants (►Table 4). For 37-week infants, this may be at least partly explained by a slightly lower LOS. A better understanding of the causes of lower year 1 hospitalization costs for 34-to 36-week infants would require analysis of data representing diagnoses, procedures, medications, laboratory tests (types, frequencies, and results), and other potential markers of inpatient acuity and intensiveness of care which are beyond the scope of the data available for this study.
Discussion
Our analysis provides a summary of the costs associated with birth hospitalization and subsequent additional health care costs during the 1st year of life by week of gestation from a large, contemporary population-based dataset. It is not surprising that we found, as other studies have, an incremental increase in costs and utilization, by week of prematurity.
Our data also show that while health care utilization in the 1st year of life is increased in the preterm population, the birth hospitalization constitutes the substantial proportion of utilization for the more preterm infants. In our cohort, the sum of all encounter days after initial discharge home was less than the birth hospitalization length of stay, for all gestations < 34 weeks. This is consistent with the findings of Mangham et al who found in England and Wales that birth hospitalization costs are responsible for 92.0% of the incremental costs per preterm survivor. 22 Our data also highlight that while a large impact would result from delaying delivery by 1-or 2-week in the lowest GA groups, delaying delivery in moderately preterm infants by a week could have more financial impact because of the larger percentage of infants born at these GAs.
Interventions to prevent or delay preterm delivery should be evaluated across the GA spectrum. The impact on mortality and morbidity is undoubtedly higher in the lower GA groups; however, the financial burden on the health system may also be lessened substantially by delaying delivery in moderately and late preterm infants. Extremely low GA (ELGA) infants, defined as those born at < 28 weeks, are 0.2% of our cohort, whereas moderately preterm infants (born at 31-36 weeks) are 5.8%. Examining cost differences for moderately preterm infants by each individual week, compared with the estimate for the category that is just 1 week more mature, the percentage . These dramatic shifts are consistent with, and explained by, the corresponding decreased rates of NICU admission and shorter LOS seen for each of these GA comparisons (►Table 2). Our approach was estimating cost that has several advantages compared with other studies. First, we are employing a modern, population-based cohort. Our data come from infants born between 2000 and 2011. Much of the literature on costs associated with prematurity in the United States comes from birth cohorts that included the late 1980s and the early 1990s, [14] [15] [16] [17] [18] [19] [20] 24 before the widespread introduction of surfactant in the early 1990s and its dramatic impact on mortality and morbidity. 32 Our data also represent the period after the National Institutes of Health consensus and recommendation, issued in 1994, that antenatal corticosteroids (ANS) be administered to all women at risk for preterm birth between 24 and 34 weeks of gestation. 33 While we report on a single health system, our cohort is quasi population-based. KPNC insures over 1/3 of the population of Northern California. The KPNC membership is diverse in race and ethnicity, reflecting its Northern California population base (►Table 1). The birth cohort of > 35,000 births each year is larger than the birth cohorts of 15 states in the United States. 34 While we report on a single health system, the system is composed of a mix of facilities with level II and level III nurseries, in which some facilities function as regional referral centers for cases with the highest acuity or in need of specialized care. Second, we calculate costs directly. Most studies have relied on cost-charge ratios to calculate costs. 10, 11, 18, 20 Charges are not accurate measures of cost secondary to differential markups for various components of health care that may also differ among institutions or payer. 24, 35 Cost-charge ratios cannot fully correct for these differences. The cost data which underlie our estimated cost differences are based on actual expenditures from the KPNC general ledger, eliminating the possibility of such facilitylevel differences in markup or discount rates. The KPNC cost data source and methods used in our analyses are previously described in several publications. [36] [37] [38] Lastly, we had access to data from a variety of sources, including neonatal research databases, 29 instead of purely administrative data, such as hospital discharge records and birth certificate data. Because of our data sources, we could adjust for other potentially significant factors in cost and had better identification of neonatal morbidities, compared with relying on ICD-9 codes. In addition, we extracted GA from the obstetrical medical record. Previous studies have reported errors in GA when using birth certificate data.
10,20,39 Our study also has some limitations that should be recognized. The study is of a single health system, so costs within the KPNC system may be lower or higher than other individual hospitals and may not be generalizable. Although it was a single health system, we did observe variation in costs between the facilities within the system. Additionally, our cost methodology used did not include individual costs.
Conclusions
In this study, we sought to estimate the incremental impact of each week of prematurity on costs and over the 1st year of life. Using a recent, large, and diverse cohort, linked to high quality cost and outcomes data, we have provided estimates based on the actual costs to an integrated health care system which are attributable to decreasing GA. Our estimates of the cost differences by week of GA estimates could support analyses exploring the potential cost savings attributable to interventions that delay or prevent premature labor. Cost differences were most extreme at the lower range of gestation; however, infants born moderately preterm (31-36 weeks) also contribute substantially to the burden, as they represent a higher proportion of total births.
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